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ABSTRACT
In a recent publication by Xiong et al. [J. Appl. Phys. 114, 064109 (2013)], a linear cross-polarizer is erroneously interpreted as a broadband absorber with a claimed absorptivity above 90% over a frequency range of 8.3721 GHz. In this article, the authors have presented an investigative study demonstrating that the structure proposed by Xiong et al. is actually an efficient cross-polarizer rather than a perfect absorber. If we consider both co-and cross-polarized components of the reflected electromagnetic wave, the subject absorber provides less than 20% absorption in the claimed band. In addition, the polarization conversion ratio of the structure is above 85% within the operating band, this makes the subject metasurface a potential candidate for applications where high-efficiency cross-polarization is desired.
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I. ANALYSIS AND RESULTS
Microwave absorbers based on metasurfaces have gained significant attention during the last decade. Landy et al. have demonstrated near-unity absorption based on split-ring resonators; 1 since then, many researchers have published different designs of metasurfaces achieving broadband absorption in both microwave and THz regimes. It has always been a challenge to design a broadband absorber due to simultaneous strong electric and magnetic resonances which are responsible for input impedance matching of the structure to free space.
One of the influential approaches to achieve broadband absorption is to employ multilayer structures based on the concept of multiple resonances. One such multilayered metamaterial structure using pyramid-shaped isotropic unit cells has achieved good absorption in a GHz spectrum from 7.8 to 14.7 GHz.
2 Similarly, another double-layer metasurface made of split-ring resonators is recently published with dual-band absorptivity of nearly 80%. 3 On the one hand, we have some publications on metasurfacebased absorbers; on the other hand, there is a sizable amount of publications where a broadband absorption is falsely claimed through metamaterial structures. [4] [5] [6] [7] The authors of such publications focused only on the reflected co-component of the incident field and hence mistakenly interpreted their designs as perfect broadband absorbers. To reach out the actual absorptivity, both coand cross-components of the reflected field must be considered in absorption calculations. The absorption is given by Eq. (1), where R yy and R xy are the co-and cross-polarized coefficients of the reflected wave when the incident wave is y-polarized. The transmission coefficient T ¼ T yy 2 þ T xy 2 for a reflective metasurface is always zero due to the presence of a complete metallic ground plane on the back side:
In this paper, we analyzed the work of Xiong et al., 8 and it consists of a multilayered reflective structure (as shown in Fig. 1 ) composed of three metal films and a metal ground. Every two adjacent metal films are separated by a dielectric substrate named Rogers TMM4 with relative permittivity and loss tangent 4.5 and 0.002, respectively. The material of the top layer is Teflon, which has a permittivity of 2.1 and a loss tangent of 0.001. This Teflon layer acts as an antireflection coating for the unit cell. 8 The unit cell is numerically simulated in High Frequency Structure Simulator (HFSS) by using periodic boundary conditions in x and y directions and Floquet ports in the z-axis. The contribution of cross-components for the y-polarized incident wave is shown in Fig. 2 , and this proves that the incident wave is efficiently converted into its orthogonal component. The proposed structure has the same response for the x-and y-polarizations due to its symmetric unit cell design across ±45°with respect to the y-axis.
To analyze the mechanism of polarization conversion, 9-11 a new coordinate system (uv) is introduced at ±45°with respect to principal axes, as shown in Fig. 3(a) . The proposed unit cell is again simulated for u-and v-polarized incident fields. It should be noted here that the incident electric field is converted into its cross-component when the magnitude of the reflection coefficients is equal, i.e., R uu j j ¼ R vv j j with the phase difference approximately equal to ±180°. We can see in Fig. 3(b) that the magnitudes of the copolarized reflection coefficients R uu and R vv are near unity over the whole bandwidth, with the phase difference almost equal to ±180°. At some frequencies, the value of R uu and R vv is a little bit below unity, and it is due to the dielectric and ohmic losses.
This analysis validates that the proposed design behaves as an efficient cross-polarizer. As depicted in Fig. 4 , the actual absorptivity of this structure considering the cross-component remains less than 20%, which negates the claim of Xiong et al. Another parameter to measure the efficiency of a cross-polarizer is defined in terms of the polarization conversion ratio (PCR). The PCR calculated from Eq. (2) is above 85% in the frequency range of 8.37-21 GHz as shown in Fig. 5 :
Hence, considering the PCR as shown in Fig. 5 , we again conclude that this structure can be utilized for high-efficiency broadband cross-polarizer applications as it converts the incident electromagnetic field into its orthogonal component [9] [10] [11] in a quite efficient way. 
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II. CONCLUSION
From this investigative study, it is apparent that the subject anisotropic metasurface is misinterpreted as a microwave absorber. The erroneous claim by the original authors was due to the ignorance of the cross-component of the reflected wave. Consequently, the structure cannot be used for absorber applications; rather, it is useful as a high efficient cross-polarizer.
